The young, low-mass, triple system NTTS 155808−2219 (ScoPMS 20) was previously identified as a ∼17-day period single-lined spectroscopic binary with a tertiary component at 0.21 arcseconds. Using high-resolution infrared spectra, acquired with NIRSPEC on Keck II, both with and without adaptive optics, we measured radial velocities of all three components. Reanalysis of the single-lined visible light observations, made from 1987 to 1993, also yielded radial velocity detections of the three stars. Combining visible light and infrared data to compute the orbital solution produces orbital parameters consistent with the single-lined solution and a mass ratio of q = 0.78 ± 0.01 for the SB. We discuss the consistency between our results and previously published data on this system, our radial-velocity analysis with both observed and synthetic templates, and the possibility that this system is eclipsing, providing a potential method for the determination of the stars' absolute masses. Over the ∼20 year baseline of our observations, we have measured the acceleration of the SB's center-of-mass in its orbit with the tertiary. Long-term, adaptive optics imaging of the tertiary will eventually yield dynamical data useful for component mass estimates.
Introduction
To understand the star formation process, reliable observations of fundamental stellar properties are needed so theoretical models can be tested. From one star forming region (SFR) to the next the binary fraction can vary (Mathieu et al. 2000) and may depend on the density of the region (Simon 1997; Beck et al. 2003) and spectral type of the primary (Lada 2006) , underscoring the importance of a complete binary census. Characterization of multiples' frequency, component separation distribution, and mass ratio distribution for a given SFR provides clues to the broad star forming properties (angular momentum, density, turbulence, etc.) of the parent molecular cloud. Small separation spectroscopic binaries with periods sufficiently short to enable the measurement of the individual stellar velocities, and thus of the system's mass ratio, are potential targets for the dynamical determination of individual component stellar masses (e.g., Steffen et al. 2001; Prato et al. 2002a; Boden et al. 2005) . Knowledge of absolute masses and observable properties, such as effective temperature and luminosity, plays a key role in the improvement of pre-main sequence evolutionary models (e.g., Baraffe et al. 1998; Palla & Stahler 2001) . This work is part of our effort to measure a substantive sample of young star mass ratios and masses with the ultimate goals of improving our understanding of tight binary formation and of tying models of young star evolution to concrete dynamical data. NTTS 155808−2219 is a particularly important target given its high-order multiplicity and its low-mass components, a regime plagued by discrepancies in theoretical calculations.
Spectroscopic binaries (SBs) with low mass-ratios are usually identified as single-lined spectroscopic systems when observed in visible light because the large difference in flux between the primary and secondary at short wavelengths prevents detection of the secondary component . In the Raleigh-Jeans regime of the stars' spectral energy distribution, however, flux scales much less steeply as a function of mass. Thus, by observing single-lined spectroscopic binaries with infrared (IR) spectroscopy we are able to improve our chances of detecting the lower-mass secondary not seen in visible light, as initially described in Prato (1998) , Prato et al. (2002b) , and Mazeh et al. (2002 Mazeh et al. ( , 2003 .
Observations of Einstein x-ray sources in Upper Scorpius by Walter et al. (1994, hereafter W94) identified the spectral type M3 NTTS 155808−2219 system as an SB with a tertiary component (SB+T). Figure 11 of W94 presents a visible light spectrum with three distinct Li λ6707Å lines. Based on this evidence for multiple components, they estimated an SB mass ratio of 0.71 ± 0.05. Mathieu (1994) provided initial single-lined orbital parameters for the NTTS 155808−2219SB, revealing a 16.925 day period, -5.0 km s −1 centerof-mass velocity (γ), consistent with membership in Upper Sco, and an eccentricity of 0.10. Köhler et al. (2000) later determined an SB+T separation of 0.193 ′′ , which is consistent with the value of 0.21 ′′ determined by . Equivalent widths of the 6707Å Li line (∼0.6Å) and Hα (∼ -3Å) suggest a young age and a low accretion rate for the system. The lack of evidence for circumstellar dust, based on 3.4-22 µm photometry from the Widefield Infrared Survey Explorer (WISE), is consistent with a weak-lined T Tauri star (WTTS) classification. Observed properties of NTTS 155808−2219 are presented in Table 1 . This paper describes the results of combining high-resolution IR spectroscopy with reprocessed visible light data to determine the component radial velocities of NTTS 155808−2219 over a nearly 20 year timespan. In §2 we briefly describe our observations and data reduction. Our cross-correlation analysis appears in §3, and the NTTS 155808−2219 orbital solution is presented in §4. Section 5 contains our discussion of the system age and component masses, the possibility of an eclipse, given the large SB orbital inclination, and initial estimates for the tertiary orbital characteristics. A summary of our findings appears in §6.
Observations and Data Reduction

Visible Light Spectroscopy
Spectroscopic observations of NTTS 155808−2219 were collected from 1987 June to 1993 April on the 37 epochs listed in Table 2 (W94) . Two nearly identical echelle spectrographs, with photon-counting intensified Reticon detectors, were used on the Multiple Mirror Telescope on Mount Hopkins, Arizona (prior to its conversion to a monolithic mirror), and on the 1.5-m Tillinghast reflector at the F. L. Whipple Observatory, also atop Mount Hopkins. A single echelle order, 45Å wide, was recorded at a central wavelength of 5188.5Å, containing the Mg I b triplet. The resolving power provided by this setup was R= λ/∆λ ≈ 35,000. The nominal signal-to-noise ratios of the 37 spectra obtained range from ∼6 to 19 per resolution element of 8.5 km s −1 . Standard flatfield frames were obtained each night, and the pixel-to-wavelength mapping was based on exposures of a thorium-argon lamp taken before and after each science exposure (see Latham et al. 2002) .
Near-Infrared Spectroscopy
Observations were made in the IR between 2000 June and 2007 April with the Keck II 10-m telescope on Mauna Kea. The UT dates of observation are listed in Table 3 . Nine Hband orders, with a central wavelength of ∼1.555 µm in the middle order, were obtained using the facility near-infrared, cross-dispersed, cryogenic spectrograph NIRSPEC (McLean et al. 1998 (McLean et al. , 2000 . NIRSPEC employs a 1024 × 1024 ALADDIN InSb array detector. Source acquisition was accomplished with the slit viewing camera, SCAM, which utilizes a 256 × 256 HgCdTe detector. NTTS 155808−2219 has a 2MASS H-band magnitude of 9.01 (Table  1) ; integration times for individual frames were 300 seconds with the NIRSPEC-5 filter. We nodded the telescope to move the star between two positions on the slit, separated by ∼60 pixels, to allow for background subtraction by differencing sequential spectra.
Four of the seven observations used the 24 ′′ × 0.288 ′′ slit and contain light from the three SB+T components. The Keck Adaptive Optics (AO) system effectively reimages the optics, reducing the plate scale by a factor of ∼11, producing slit dimensions of 2.3 ′′ × 0.027 ′′ . Three IR observations utilized AO in front of NIRSPEC. On all three AO nights we obtained isolated spectra of the SB. On two of these occasions we utilized SCAM imaging to align the slit to also include the tertiary. All spectra have resolution R ≈ 30,000. The SB and SB+T spectra from the seven epochs of observation are shown in Figure 1 for a single H-band order.
All spectroscopic reductions were made by using the REDSPEC package, software written at UCLA by S. Kim, L. Prato, and I. McLean specifically for the analysis of NIRSPEC data 1 , following the procedures outlined by Prato et al. (2002b) . We used the central order, 49, found at our setting. This order has three advantages: (1) it is rich in both atomic and molecular lines and is therefore suitable for identifying spectra of both warm and cool stars, (2) the OH night sky emission lines across order 49 are numerous and well-distributed, yielding accurate dispersion solutions, (3) this order has the advantage of lacking prominent telluric absorption lines. Consequently, we did not have to divide our target spectra by telluric star spectra. Because the AO reimaged slit width is so narrow, it was not possible to use OH night sky emission for wavelength calibration on the AO nights. On these occasions we took comparison lamp exposures at the beginning and/or end of the night to determine the dispersion solution and zero point.
Analysis
Visible Light Radial Velocities
Based on the expectation that the secondary would be too weak to detect in our spectra, and that only the primary and tertiary components would be visible, we initially derived radial velocities for only these two components of the NTTS 155808−2219 system using TODCOR, a two-dimensional cross-correlation technique (Zucker & Mazeh 1994) . The same synthetic template was used for the primary and tertiary stars, based on Kurucz model atmospheres (Latham et al. 2002) , with a temperature of 3750 K selected in accordance with the late spectral type of the unresolved system, M3, and zero rotational broadening, vsini = 0 km s −1 . The large scatter in the tertiary velocities suggested possible contamination either from moonlight in a few exposures, or more likely by the secondary component. A reanalysis using an extension of TODCOR to three dimensions (Zucker et al. 1995) showed that the lines of the secondary are indeed visible in most of our visible light spectra, and radial velocities were derived using a template for the secondary identical to that of the primary and tertiary. The moonlight contamination was removed from seven of the exposures using a four-dimensional version of TODCOR (Torres et al. 2007 ) and the addition of a fourth template appropriate for the Sun. The radial velocities are listed in Table 2 , and have typical uncertainties of 1.7 km s −1 for the primary, 4.4 km s −1 for the secondary, and about 3.5 km s −1 for the tertiary. The stability of the zero-point of the CfA velocity system was monitored by means of exposures of the dusk and dawn sky, and small systematic run-torun corrections were applied in the manner described by Latham (1992) , already included in the velocities described above. In the case that either the secondary or the tertiary radial velocity was impossible to determine, only the primary star velocity was used. This resulted in 37 primary, 33 secondary, and 33 tertiary velocities. The light ratios among the three stars determined from our spectra are α = ℓ 2 /ℓ 1 = 0.30 ± 0.03 and β = ℓ 3 /ℓ 1 = 0.53 ± 0.04 at the mean wavelength of our observations. The tertiary companion is thus brighter than the SB secondary. Comparison of the visible light spectra to GL 752A, a main sequence star with vsini ≤ 2.5 km s −1 (Browning et al. 2010) , implies a low, ≤ 10 km s −1 , rotational velocity for all components of NTTS 155808−2219.
Infrared Radial Velocities
Stellar radial velocities were also measured for the IR spectra using a similar multidimensional cross-correlation analysis following the approach of Zucker & Mazeh (1994) . To optimize the correlation, and thus obtain the most precise radial velocities, the best matching synthetic or observed templates must be used for cross-correlation with the target observation. In our analysis of the IR data we tested three sets of templates: (1) the NTTS 155808−2219 tertiary spectrum, (2) synthetic spectra, and (3) observed spectra of radial velocity standards.
The tertiary spectra isolated in the AO observations on UT 2000 Jun 11 and 2003 Apr 20 provided an excellent template because this bound companion likely shares the same age, metallicity, and surface gravity with the close SB components. Assuming a distance of 145 pc to the region, the ∼0.
′′ 21 angular separation of the tertiary implies a projected physical separation of ∼30 AU. This ability to angularly resolve the subarcsecond, visual companion illustrates a unique advantage of IR observations. Cross-correlation of the AO tertiary spectra against one another revealed no significant change in radial velocity, within the ∼1km s −1 uncertainty (Prato et al. 2002b; Steffen et al. 2001) . Thus the tertiary spectra were combined to use as a cross-correlation template with the highest possible SNR.
The observed template that best matches the NTTS 155808−2219 tertiary IR spectrum is the main-sequence star GL 752A. In a comparison of a sequence of high-resolution, near-IR spectra, Prato (2007) found a spectral type of M2 for GL 752A, similar to the M2.5 type of Browning et al. (2010) based on visible light observations; SIMBAD lists a type of M3. We adopt M2 throughout our analysis. Figure 2 shows the GL 752A spectrum together with the best matching synthetic template and the average of the two NTTS 155808−2219 tertiary spectra taken on AO nights.
Our synthetic spectral library was generated from atmospheric structures calculated with the PHOENIX model atmosphere code (Hauschildt et al. 1999 ) and kindly provided by T. Barman. Synthetic templates were compared to observed templates by cross-correlation. Prato (2007) determined the spectral types of a subset of our observed templates; the corresponding effective temperatures (T ef f ) were estimated from Luhman et al. (2003) . For the observed templates, the highest correlations were obtained with synthetic templates of typically ∼500 K hotter T ef f , a known characteristic of model atmospheres (Jones et al. 2005 ). Because we derive the radial velocity from the cross-correlation, this T ef f discrepancy doesn't impact the radial velocities measured with the synthetic templates. Four synthetic templates were ultimately used, T ef f = 3645, 3883, 4209, and 4831 K, corresponding to 1 Gyr old models of 0.5, 0.6, 0.7, and 0.8 M ⊙ stars with logg of ∼4.7 (Baraffe et al. 1998 ). The T ef f = 4209 K synthetic spectrum yielded the highest correlation with the NTTS 155808−2219 tertiary.
The GL 752A spectrum was convolved with a series of kernels to mimic a range of rotational velocities, as described in Prato (2007, section 4.1) . The highest correlation with the NTTS 155808−2219 tertiary was obtained for vsini = 22 ± 1 km/s. However, radial velocities derived with the GL 752A template rotated to other values of vsini vary by a few km/s. Cross-correlation of the T ef f = 4209 K synthetic template against the tertiary resulted in correlation coefficients that are ∼5% lower than for the observed GL 752A template, but yielded radial velocities consistent over a wide range of rotational velocities. The highest correlation was obtained with the T ef f = 4209 K spectrum rotated to 24 km/s.
All three types of templates were used to analyze the 2003 April 20 and 2004
May 24 SB spectra, for which the component radial velocity separation was maximum and the SB isolated. Using the averaged tertiary spectrum as a template for both the primary and secondary resulted in the highest correlation. GL 752A as a template for the primary and secondary produced nearly the same correlation as the tertiary as the template. However, for a range in vsini's, the most consistent velocities were again found using the synthetic templates. When the various templates were applied to the SB+T spectra, only the synthetic templates produce reliable radial velocities, similar flux ratios to the SB-only analysis, and high correlations.
Testing different synthetic templates to find the maximum correlation confirmed that the T ef f = 4209 K spectrum produced the best match to the primary and tertiary, while the secondary was best fit by the T ef f = 3883 K synthetic spectrum. V sini values of 20 ± 1 km s −1 , 24 ± 4 km s −1 , and 24 ± 3 km s −1 for the primary, secondary, and tertiary, respectively, yielded the highest correlations. Vsini uncertainties are the standard deviation of the highest correlated templates for all IR epochs. Our visible light cross-correlation analysis yielded vsini values of ≤ 10 km s −1 . Because the visible light synthetic templates used in this analysis were created with inherent rotation, rather than through convolution with a kernel function after the spectra were synthesized, we suspect that the lower vsini values are likely more accurate. We therefore adopt vsini=10 km/s for all three components of NTTS 155808−2219.
The radial velocities determined with the synthetic template spectra are listed in Table 3 , and have typical uncertainties of 1.9 km s −1 for the primary, 2.6 km s −1 for the secondary, and 1.8 km s −1 for the tertiary. The uncertainty in each radial velocity was determined as a function of the FWHM of the correlation peak, and the ratio of the correlation peak height to the amplitude of the antisymmetric noise, following the procedure of Kurtz et al. (1992) . Ideally we would use a three dimensional cross-correlation for all SB+T spectra but the large flux ratios and similar spectral types prevented convergence on a solution. In these cases we used a two dimensional cross-correlation to fit the primary and tertiary components, then identified the secondary radial velocity as a residual peak in the cross-correlation function.
The three pure SB spectra observed with NIRSPEC+AO yielded an H-band light ratio of the secondary/primary, α = 0.55 ± 0.10. For the four SB+T spectra, α was held at 0.55 during cross-correlation. The 2002 July 18 and 2004 January 27 SB+T spectra were used to determine the tertiary/primary light ratio, β = 0.81 ± 0.09, and for cross-correlation of the four SB+T spectra β was held at 0.81. H-band magnitudes from produce the photometric H-band brightness ratio T/SB = 0.58 ± 0.03, consistent with our T/SB H-band value of 0.52 ± 0.13.
SB Orbital Parameters
Preliminary estimates for the center-of-mass velocity and mass ratio were derived using the method of Wilson (1941) . Figure 3 shows the primary velocity vs. the secondary velocity, for the epochs from which both were determined for the double-lined spectra, along with the weighted linear fits for the visible light and IR velocities, separately. From the linear fit, the negative of the slope gives the mass ratio, q. A very similar value, to within 1σ, was obtained for the visible light and IR data sets. The center-of-mass velocity γ is given by the y-intercept divided by (1+q). Although the full orbital solution provides more precise measurements of these quantities by adding phase constraints, the vertical offset between the two data sets produces a potentially significant measurement of the center-of-mass acceleration. For the 13.18 years between the mean epochs of observation dγ/dt = -0.30 ± 0.07 (km s −1 yr −1 ). Table 4 lists the orbital parameters derived by Mathieu (1994) and W94, along with the solutions determined using our visible light and IR radial velocities. The orbital fit to the radial velocities of both SB components is accomplished with a standard least-squares analysis using the Levenberg-Marquardt method (Press et al. 1992) . Initial guesses for the solution were found by using an amoeba search routine also from Press et al. (1992) . Refinements to the initial guess orbital elements were made to ensure that the best-fit, in the χ 2 sense, was consistent with the single lined solution of Mathieu (1994) . We determined the period, P, the projected semi-major axes of the components, a 1 sini and a 2 sini, eccentricity, e, periastron angle, ω, the time of periastron passage, T, the center-of-mass velocity, γ, and the center-of-mass acceleration, dγ/dt. From the fit to the phased radial velocity curves (Figure 4) we can measure the semi-amplitude of both components, K 1 and K 2 , and derive the mass ratio, q = K 1 /K 2 = a 1 sini / a 2 sini, and the minimum masses, M 1 sin 3 i and M 2 sin 3 i. Uncertainties calculated by the Levenberg-Marquardt method are the formal errors from the nonlinear least-squares fitting. The orbital elements derived using all the data are dominated by the more numerous visible light radial velocities and are consistent with the individual IR and visible light orbital solutions.
On the basis of the combined visible and IR data we find that the SB in NTTS 155808−2219 has an orbital period P = 16.9243 ± 0.0002 days, center-of-mass acceleration dγ/dt = -0.25 ± 0.04 (km s −1 yr −1 ), and eccentricity e = 0.113 ± 0.008. Our center-of-mass velocity, γ = -8.06 ± 0.29 km s −1 is consistent with the value of γ = -6.28 ± 3.04 km s −1 for Upper Scorpius M dwarfs surveyed by Dahm et al. (2012) .The combined orbital solution, as a function of phase, is plotted with the measured radial velocities in Figure 4 . In order to depict the combined orbital solution as a function of phase, γ has been subtracted from each of the measured radial velocities. The mass ratio, derived from the ratio of projected semi-major axes, is q = 0.78 ± 0.01, consistent with the preliminary analysis based on Figure 3 . The drift in the center-of-mass velocity of the binary is illustrated in Figure 5 , where we have subtracted the orbital motion from the individual velocities, and represented the weighted average of the residuals as a function of time. The dashed line corresponds to the change in γ from the joint orbital fit.
Discussion
Component Masses and System Age
The template analysis in §3.2 revealed that the observed GL 752A template generally produced the highest correlation for all three components and is best matched to the primary, which we classify as an M2±1. Cross-correlation using GL 436 (M3) as the secondary template resulted in a higher correlation than GL 752A for the 2003 April 20 SB spectrum. The secondary was also fit better by a lower temperature synthetic template, resulting in our classification of the secondary as an M3±1. Although the GL 752A and T ef f = 4209 K templates provided the highest correlation coefficients for the tertiary, the T ef f = 3883 K and GL 436 templates were similar to within a few percent. Thus, we classify the tertiary at an intermediate spectral type of M2.5±1. Although the synthetic templates yielded more consistent RVs, because of the known discrepancy in T ef f , i.e. the T ef f values of synthetic spectra are anomalously hot, the observed templates provided a more accurate method for estimating the NTTS 155808−2219 spectral types and hence T ef f s.
To place NTTS 155808−2219 on an H-R diagram, we use the spectral types M2, M3, and M2.5 ( §3.2) and the temperature scale for young stars from Luhman et al. (2003) : we found T ef f = 3560 ± 145, 3415 ± 145, and 3488 ± 145 K for the primary, secondary and tertiary, respectively. We assume a distance to Sco-Cen of 145 ± 15 pc (de Zeeuw et al. 1999) . Estimates of A ν in the literature are 0.3 (W94) and 0.5 magnitudes (Preibisch & Zinnecker 1999) . Using 2MASS magnitudes and the color-color method described in §3.1 of Prato et al. (2003) yields A ν = 0.47. We adopt A ν = 0.5±0.2 in our analysis. Finally, using data from 2MASS and the H-band flux ratios determined by cross-correlation ( §3.2), we calculated the luminosity of the primary, log(L 1 /L ⊙ ) = -0.56 ± 0.04, secondary, log(L 2 /L ⊙ ) = -0.84 ± 0.04, and tertiary, log(L 3 /L ⊙ ) = -0.66 ± 0.04 following the approach in §3.3 of Prato et al. (2003) and using d=145 pc. The NTTS 155808−2219 system lacks any detectable near-IR excess (i.e. r k =0; Prato et al. 2003) . Table 5 lists these derived properties.
The positions of the NTTS 155808−2219 components on the pre-main sequence evolutionary tracks of Baraffe et al. (1998) are shown in Figure 6 . From this plot we are able to estimate the masses of the primary, M 1 = 0.50 ± 0.10 M ⊙ , secondary, M 2 = 0.38 ± 0.10 M ⊙ , and tertiary, M 3 = 0.44 ± 0.10 M ⊙ . These masses give a secondary-to-primary mass ratio M 2 /M 1 = 0.76 ± 0.14, consistent with our orbital solution, a tertiary-to-primary mass ratio M 3 /M 1 = 0.88 ± 0.14, and a tertiary-to-SB mass ratio M T /M SB = 0.50 ± 0.17. Using the K-band flux ratio from Köhler et al. (2000) as a proxy for the mass ratio, as in Kraus et al. (2008) , results in a T/SB mass ratio of 0.57 ± 0.10, which is in agreement with our estimate. We combined these mass estimates and our orbital solution (Table 4 ) and followed the approach of Prato et al. (2001) to estimate the orbital eccentricity of the system, > 61 degrees (Figure 7) .
From the H-R diagram we estimate an age of 3.3 +2.2 −1.3 Myr. All three components of NTTS 155808−2219 fall very nearly on the same isochrone, well within 1σ of each other. Without adjusting for the multiplicity of the system, Preibisch & Zinnecker (1999) estimated a system luminosity of log(L/L ⊙ ) = -0.398. Using the initial visible light spectral type of M3 from W94, and the corresponding temperature T ef f = 3451 K, Preibisch & Zinnecker (1999) derived an age estimate of 0.5 Myr. Taking the effects of multiplicity into account, they derived a luminosity error that increased their age estimate to 1-3 Myr, consistent with the age range that we have determined. The upper limit of our age estimate is also consistent with the 5-6 Myr age determined from the B star main sequence turnoff in Upper Scorpius (de Geus et al. 1989 ).
We use the primary star luminosity and T ef f to derive the radius, R 1 =1.38
+0.19
−0.17 R ⊙ , which is shown in Figure 8 . Curves of Rsini are overplotted for values of vsini of 10 and 20 km/s. The resulting Rsini curve for vsini = 20 km/s does not intersect with the derived radius of 1.38 R ⊙ , suggesting that the lower value for vsini is more accurate.
Possibility of SB Eclipse
To estimate the probability of at least a partial eclipse, we assume that the primary and secondary stars have equal radii, 1.38
−0.17 R ⊙ , and use the value determined in our orbital fit for the semi-major axis, asini = 25.12 ± 0.25 R ⊙ (Table 4) . For the plausible range of stellar radii we expect a partial eclipse for inclinations > 83 o , thus for an orbital inclination of >61 degrees (Figure 7) we derive an eclipse probability of ∼24%.
Dedicated photometric monitoring of NTTS 155808−2219 could reveal eclipses, and thus a value for the orbital inclination, providing absolute masses. The absence of eclipses would also be useful in limiting the orbital inclination of the system and thus our mass estimates. Brightness variations arising from the spotted primary star's rotation, ∆V = 0.164 magnitudes (Adams et al. 1998) , might complicate photometric observations of partial eclipses, although spot-and eclipse-induced variability have distinct signatures. Another difficulty in measuring an eclipse is the nearly integer period of the SB orbit, ∼17 days, resulting in limited phase coverage for a single observing season.
Tertiary Orbital Information
For the tertiary we have two astrometric measurements from the literature, (Köhler et al. 2000; , and another pair determined from our NIRSPEC+AO observations. Although the saved SCAM images taken on our AO nights were overexposed and saturated, the finite width of the slit and the separated SB and tertiary continua allow us to estimate the position angle 2 and separation for two epochs. Table 6 lists the astrometric data for the tertiary, which show no significant change in the separation and only a small change in the position angle over the nearly 9 years of observation. Assuming a distance to Sco-Cen of 145 pc, the average on sky separation of 0.
′′ 21 results in a projected separation of ∼30 AU. For this separation, the masses derived in §5.1, and assuming an edge-on, circular orbit, the space velocity of the tertiary relative to the SB center-of-mass would be ∼5.5 km s −1 and the minimum orbital period would be ∼143 years. Averaging our IR tertiary velocities and computing the velocity separation between the tertiary and the SB center-of-mass produces ∆RV = -5.73 ± 0.44 km s −1 at the median epoch of our IR data. This velocity separation suggests that the tertiary orbit is either circular with a high inclination (implying near coplanarity with the SB) or eccentric with any possible inclination; Monin et al. (2007) show that systems with higher multiplicity are more likely to be nonaligned. Although we determined dγ/dt = -0.25 ± 0.04 (km s −1 yr −1 ) from the SB orbital solution, no significant trend is found in the tertiary radial velocities (dv T /dt = 0.07 ± 0.09 km s −1 yr −1 ). One explanation for a missing trend might be that the tertiary is itself a binary, and thus more massive than we expect from a M2.5 alone. Yet, we see no evidence in the tertiary spectrum for another star. An alternative explanation for the dγ/dt that we have measured is a mismatch of the instrumental zero points. However, this is unlikely since both the visible and IR spectra were reduced using synthetic spectral templates and the Earth's atmosphere as the radial velocity standard frame of reference. Besides monitoring the SB for eclipses, other future work will include occasional astrometric imaging and NIRSPEC+AO spectroscopy to separate the SB and tertiary and monitor their radial velocities. Through the use of adaptive optics in the near-IR we were able to disentangle the SB and tertiary spectra. Synthetic templates produced consistent and precise radial velocities, both in visible light and in the IR. Observed IR templates (e.g., Prato et al. 2002b ) provided estimates for the component spectral types of M2, M3, and M2.5 for the primary, secondary, and tertiary, respectively. Based on these spectral types, effective temperatures of 3560, 3415, and 3488 K were estimated from Luhman et al. (2003) .
We found H-band flux ratios of α = 0.55 ± 0.10 and β = 0.81 ± 0.09, which we used to convert near-IR magnitudes to component luminosities. Plotting the stars on the theoretical tracks of Baraffe et al. (1998) gave an age for the coeval system of 3.3
Comparison of the minimum mass from the orbital solution to the H-R diagram mass estimates limits the SB orbital inclination to > 61 o . Combining T ef f and L, we estimated the primary radius to be 1.38
+0.19
−0.17 R ⊙ . Assuming a similar secondary radius, and taking into account the derived semi-major axis and limits on the SB orbital inclination, we predict a ∼24% chance of a partial eclipse of the SB. High cadence imaging of the system would reveal an SB eclipse which could help determine the inclination and thus yield component mass estimates.
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